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Abstract:

Late season paving is common and often performed in colder temperatures, which is the
most challenging envanment for attaining optimal iplace density/compaction. The- in

place density of asphalt pavement greatly affects the lifespan of the pavement. It is also a
key factor in preventing major pavement distresses, such as rutting, crackirgngtrip
(due towater damageand aging. This research project aims to evaluate and compare the
effectiveness of different compaction, delivery, and mix design characteristics to ensure
the optimization of irplace asphalt pavement density. To this end, various laydown
methods (i.e., Standard Pialp Machine (SR!) and Material Transfer Vehicle (MTV))

and compaction equipment (i.e., double drum steel rollers, pneumatic rollers, and
combination rollers(CR) with both steel and pneumatic tires), using both static and
vibratory modes were employed. In addition, the effect of different aggregate blend
combinations (i.e., using less asa ledge rock) and asphalt binders (i.e., PG-38\PG

40-40, and PG 520) on inplace density were studied. Four test sections were constructe
over four separate days of paving, during colather conditionsThe inplace density

was measured usinfpur methods: 1) ©nventional/traditional cut roadway cores, 2)
Combination of Infrared Continuous Thermal Scanning (ICTS) with
conventional/tradibnal cut roadway cores, 3) Pavement Quality Indicator (PQI), and 4)
Rolling Density Meter (RDM) utilizing Ground Penetrating Radar (GPR). The obtained
results were compared and contrasted to the current testing, acceptance and construction
methods systemmt Nebraska Department of Transportation (NDOT) and recommendations

for future construction specifications and best practices were presented.



Chapter 1. Introduction

Asphalticconcrete (AC) is used in approximately 85% of paved roads and highways in Nebraska

AC has a vitalrole in the United States transportation infrastructure from both a safety and
economic perspectivés a resultincreasing the durability of asphplivements to prevent major

damage and deterioration as well as minimizing the large cost of pavement rehabilitation and
mai ntenance has been t he f ocus)foonianyDearms.&ropeme nt s ¢
compaction and optimizing 4iplace paven density aramperative to achieve highuality,

longerlasting pavement structures

Most DOTSs specify asphalt pavement to be constduatea minimum irplace density at 91 to
92.5% of its theoretical maximum density. However, it has been shown that with proper techniques,
attaining densities of up to 958&@e possible in most cases. Research studies have found that for
every 1% increasaidensity, the roadway service life will increase an estimated 5%, up to as much
as 15%[4]. This potential for improwmg and increasg pavement performance has become a

primary focus of DOTs and the Federal Highway Administration (FHWA).

Many studiesncluding the oneaforementionedhave &aluated the effestof factors such as; in

place compaction equipment, laydown methods, material delivery, testing methods, and mixture
design, on density of asphaltic pavement. However, through advances in testing and measurement
technologythere is aropportunity for major advancements for riale measurement methods

to measure uplace density in a more rigorous manner, improve upon funciginaitural

performance expectations, and improve pavement construction quality in cold weather conditions.

1.1 Objectives

This research project objective w&s evaluate and compare the effectiveness of different
compaction, delivery, and mix design characteristics to ensure the optimizatigpladerasphalt
pavement densityl o this endyarious laydown methad(i.e., Standard Pickp Machine (SMI)

and Material Transfer Vehicle (MA)) and compaction equipment (i.e., double drum steel rollers,
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pneumatic rollers, and combination rollers with both steel and pneumatic tires), using both static
and vibratory modes &ve employed. In addition, the effect of different aggregate and binder
variations,.e., using less cose ledge rock, and different binders PG 58/ PG 4040, and PG

52-40 were studied. Four techniques includihgConventional/traditional cut roadway cores, 2)
Combination of Infrared Continuous Thermal Scanning (ICTS) with conventional/traditional cut
roadway cores, 3) Pavement Quality Indicator (PQI), and 4) Rolling Density Meter (RDM)
utilizing Ground Penetratingdiar (GPRvere used to measure theglace densityit is worthy
tonote that O6opt i meansdinding aandethad hatdvides the mogt wnioym

and maximum ifplace density/compaction of tiasphalticpavement.

1.2 Organization of Report

This report includes four chapters. After this introduction, Chapter 2 presentsixhee,
equipmentand testing facilities used in this study. Chafediscusses the iplace density
measured using different techniques for the sections constructedtthddterent compaction,
delivery, and mix design strategieginally, Chapter4 summarizes the main findings and

conclusions of this study.



Chapter 2. Mixtures, Equipment, Coring, and Test Sections

2.1 Mixture Design

The NDOT Type SLX mixtureised in this study is fine gradedmix with a nominal maximum
aggregate sizeNMAS) of 0.375inch (9.5 mm), 50 gyration @ ks This mixturecontained35%
reclaimed asphalt pavement (RAP) material, a PG-38Winder and an optimum binder content
of 5.4% by weight of total mixturel'his mix was produceth a continuousparallel flow drum
plant. This type of SLX mixture is widely used in Nebraska fothicknesses of 1 tonBFor this
project the lift thickness was 1rfpandin afew areas it was thiveddown to 1.2%due to geometric
elevation issue®ne of the mix modifications in this study replaced the PG-38With softer
bindess (i.e., PG 4040 and PG 5210). With this change, the RAP contantreased to 50% to
accommodate the softer bindémsan effortto preventexcessive afteningof the mix. The other
mix modification was an aggregate change that lowered the coarse crushed rock coh@ént by
and increased the natural sand content by 10%, essentially producing a finer gradebiaix.

summarizes theixtures used in tBistudy.The mix designs are described in Appendix A.

Tablel. Asphalt mixtures used in this study.

Mixture 1D Type Mixture Composition
SLX_S Stg[‘f(ard PG 58\:34, 35% RAP
SLX M 4040 R50% M%d&ed PG 4040, 50% RAP
SLX_S_58\34 0.5 Stg[‘f(ard PG 58\£34 with 0.96 higher binder content
SLX_M_5240 R50% M%d&ed PG 5240, 50% RAP
s sovas Lomion] WoSIsd | PO SYStwD 10%les sl ok (L7




2.2  Equipment

2.2.1 Construction Equipment

To construct the sections, two different delivery machines and three diffelentcampactors
are utilized ashown inTable2. Thepaver used on this project wag@lL8Caterpillarl055F with
SE60V screed.

Table2. Equipment used in this study.

Equipment Brand Image of Equipment

1996 Barber
Greene
BG650

Standard Pick Up Machine
(SPM)




Material Transfer Vehicle | 2018Weiler
(MTV) 2850B
7 Tire Pneumatic Roller Sakai GW751

(Static and Vibratory)

Combination Steel /
Pneumatic Roller

2007 Ingersoll

(Static and Vibratory) Rand SD77
2018
Double Drum Steel Rollers Caterpillar,

CAT CB15




2.2.2 Measuring Equipment

A variety ofdevices were used to measure the density and temperathemasphalt layer. These
devices included Infrared Continuous Thermal Scanner (ICTS), Pavement Quality Indicator (PQI),
and Rolling Density Meter (RDMj) Ground Penetrating Radar (GPHRhe ICTS was used to
monitor realtime thermal profile of the road during the construction paving. The PQI and-RDM
GPRwereemployed to measure the-filace density of the layers. The recorded densities were
then compared tdraditional coring and density measurement meth&dsh devicds briefly

descriled in the following sections:

2.2.2.1 Infrared Continuous Thermal Scanner (ICTS)

In asphalt pavingoptimal and uniform temperature tife asphalt materiais a crucial factor
which cansignificantly affect pavement performancés a result, a thermaisualization of the
constructionprocess provides important insights into the temperature consistency of the material

andcan operup new optimization potentials.

ICTSused n this study can produce a rdahe thermal profile of the roaduring the construction
paving The manufacturestaes that the IR temperature scanner (MFTE®) covers a wide
thermal profile of the buiin layer over a total width of up to 813 m). Although, this device
does not directly deal with 4place density, thermal segregatioan consequently resulin
insufficient inplace densityThis carbe detecteth real time during the paving operatiday, fully
automatic visualization of the temperauiThis quick detection of possible thermal segregation
may provide an opportunity take action anfind a reslution for the segregated locatswhile

paving Theinfrared continuous thermal scanner used in this study is shokgure 1.



Fi glurmef rcantdihueorussaalnner (1 CTS)
2.2.2.2 Pavement Quality Indicator (PQI)

The PQI 380 is a nenuclear asphalt density gauge that utilizes an advanced GPS system which
enables position and independent time logging. The PQI 380 conforms to ASTM standard D7113
and AASHTO T 34312. Figure 2shows the PQI device used in this study.

FigakPavemealitindiycat or (PQI ) .
2.2.2.3 Rolling Density Meter (RDM) Ground Penetrating Radar (GPR)

Geophysical Survey Systems, Inc. developed the rolling density meter (RDM) for asphalt paving
construction quality assurance/quality contidle RDM is operated ammanuallypropelled cart

to collect the measurements from the fididmeasures and reats the dielectric constant of
asphalt, hrough ground penetrating radar (GPR) sensdiise GPR sensors make continuous

readings and thenancentrator box processes the collected data. Global positioning system (GPS)
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data can be recordeéd conjunction with GPR data. A view of the RDGPR is shown irfrigure
3.

Fi g3Rel Ide mgnettyer [(@&@MDdMpammet maada rn g( G

2.3 Coring

The coring process was conducted the following construatey after each test section was
constructedthe construction lanes remained closed until the cores were acquired. The coring
locations were selected biasedly (highest and lovessperature regions of asphalt pavement
detectedby ICTS) to see the effect of mixture temperature dutimgconstruction processand
densityreadings were then takéy the PQI and RDMGPR Six-inch cores were taken from the
selected areas as showrFigure4(a) and ten were diamond saw cut at the lift liag shown in
Figure4(b) for laboratorydensity testing. Over3cores, a minimum of 3 per section, were taken.

(b)

Figure4. Field samples: (&Foring éhjdiameter, (b) Cut cores for lab density testing.



2.4 TestSections

Therewasa total of 13 sections constructed on Hwy 281 North of Hastings, Nebiidskeur-

day project took place in October 2018. Two different delivery methods (Standareufick
Machine (SPM) and Material Transfer Vehicle (MTV)) were investigated in this study, along with
several compaction methods as outlinedTable 3. It should be noted that the compaction
procedurefiMethod 10 is the most common method currently used in the Nebrabhke.
modifications to thgavingmix designstudied are atlined inTablel. The information regarding

the type of mixture, delivery methods and compaction proeegsloyed in each section is

summarized iMable4. The length of test section varied from a minimum of 500 to ¥$00

Table3. Different compaction methods utilizedtims study(rolling patterns were sequential

Method Compaction Procedure
1 First passBreakdown double steel drurtasic, then wbratory after Intermediate
double steel drunfinish: Double steel drum roller
First passBreakdown double stedrum gatic, then vbratory after Intermediate
: 7 tire pneumatic statig Finish: Double steel drum roller
First pass: Breakdown double steel drum static, then vibratory bitermediate
3 7 tire pneumatic vibratory, Finish: Double steel drum roller
First pass: Breakdown double steel drum static, then break vibratory aft
4 Intermediate 7 tire pneumatic vibratory, combination roller vibratory ,
Finish: Double steel drum roller
First pass: Breakdown steel drum static, then vibratory-dftearmediae,
> combination roller vibratory , Finish: Double steel drum roller




Table4. Construction information and measuring devices used for each section.

Day | Date | Section| Delivery Method Mixture (seeTable1) | Compaction Procedure (sedable 3) Measuring Techniques
Day 1 Main Focus:Effect of Different Delivery Methods
1 Oct 10 1 PSM SLX_S Method1 ICTS, PQI, RDMGPR, Coring
1 Oct 10 2 MTV SLX_S Method1 ICTS, PQI, RDMGPR,Coring
Day 2 Main Focus:Effect of Different Compaction Methods
2 Oct 11 3 MTV SLX_S Method1 ICTS, PQI, RDMGPR, Coring
2 Oct 11 4 MTV SLX_S Method2 ICTS, PQI, RDMGPR, Coring
2 Oct 11 5 MTV SLX_S Method3 ICTS, PQI, RDMGPR, Coring
2 Oct 11 6 MTV SLX_S Method4 ICTS, PQI, RDMGPR, Coring
2 Oct 11 7 MTV SLX_S Method5 ICTS, PQI, RDMGPR, Coring
Day 3 Main Focus:Effect of Different Asphalt Mixtures
3 Oct 15 8 MTV SLX_M_4040_R50% Method1 PQI, RDM-GPR, Coring
3 Oct 15 9 MTV SLX_S 58\v34 0.5 Method1 PQI, RDM-GPR, Coring
3 Oct 15 10 MTV SLX_S Method1 PQI, RDM-GPR, Coring
Day 4 Main Focus:Effect of Different Asphalt Mixtures
4 Oct 16 11 MTV SLX_M_5240 R50% Method1 PQI, RDM-GPR, Coring
4 Oct 16 12 MTV SLX_M_58V-34_LCR10% Method1 PQI,RDM-GPR, Coring
4 Oct 16 13 MTV SLX_S Method1 PQI, RDM-GPR, Coring

10
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The climate conditions for each of the sections were recattb@ approximatmidpointof time

during thepavingof each sectioand are listed ifable5.A 60 Re a | Fvasecdlcblatdddyc t o r
simply adding 10 to the calculated wind chill on sunny days for solar temperature gain. There
was no allowance for solar gain on cloudy days. The ldllowance was just an estimaldote

that the last two rows do not have a wind chill valudgyadefinition, a wind chilvalue cannot be
calculated for temperatures greater than 50Vhile the weather conditions varied, some of the
coldest paving occurred on the first and second dalyich worked out well faresearch purposges

as these were the 2 days that infrared oowotis thermal scanner (ICT$Jas used (the
manufacturer had other obligations after the first 2 dayi®@ warmest day of paving was tH 4

day (Oct 16, 2018ection 13), with a high of 66 a n d . Based nnyNDOT specifiian a

minimum temperature o45 i's requiredantdold2paviwhgen Warm M

(WMA) are used, and this mix contained a WMA additive (see mix design, Appendix A)

Table5. Climate conditions for each section at the midpoint of paving.

Real . wind
Day | Date' | Section| Temperature Wind Direction | Chill? Sky’ | Real Feel
() (mph) () « )
1 | Octl0 1 37 19 N 27 C 27
1 | Octl0 2 43 21 N 34 C 34
2 | Octll 3 32 6 N 26 C 26
2 | Octll 4 35 10 N 27 S 37
2 | Octll 5 40 12 N 33 S 43
2 | Octll 6 46 12 N 40 S 50
2 | Octll 7 46 12 N 40 S 50
3 | Oct 15 8 32 8 wW 25 C 25
3 | Oct 15 9 41 11 wW 34 S 44
3 | Oct15 10 43 7 wW 39 S 49
4 | Oct16 11 36 7 wW 30 S 40
4 | Oct16 12 55 11 NW - S -
4 | Oct16 13 66 11 NW - S -
Year: 2018

2Wind Chill ( )=35. 74 + (0.627%I1%)+0.4275 xT FE.1 AJ, T £ airtemperature
(¥ ET1 A=wind speed (mph)
3Sky: C = Cloudy and S = Sunny
‘Real Feel: if the sky is c¢cloudy, it is equal t
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Chapter 3. Results and Discussion

Thirteendifferent sectionsvere constructed on thiour days ofthe demastrationproject. Two

different delivery methods investigated in this stwre (1) Standard Pickip Machine (SK1),

and (2) Material Transfer Vehicle (MTV). In addition, different compaction method3 &xe3)

and measuring devicése., ICTS, PQland RDMGPR) wereemployed.lt should be noted that

the PQI and RDMGPR both required a correction factor for density measured by each device.
This correction f act differerncesindensity of noeed foreach gedtitme a v €
compared to thaneasuredy each device (i.e., PQl and RDGPR) forte s ame sect i onc
important tonote thathe density coreserebiasedly sampled based on eithigh or low densities

andwere not samplecandonty. The only random cores were those taken under the rggyojact

acceptance systeRSS (Random Sampling Schedule) which is a randamplingsystem that

provides sampling foevery 1000 torsub-lot, five per bt for a 5000dn lot size Acceptance is

based on minimum lot average32.5% of theheoretical maximum mixture density.

3.1 Day 1: Standard PickUp Machine vs Material Transfer Vehicle

Day 1 began after a delay to wait for temperatures to rise above 3%0 segments (section 1

and 2, sedlable 4) were constructed. The weathmnditions werevery cold and windy, e
weather conditions are listéa Table5. Two different delivery machines were tested, a Standard
Pick-up Machine (SPM) was used for the first half of construction and a Material Transfer Vehicle
(MTV) was used on the second half. both scenarios, attaining density was difficult and not
achieved at several locationdoiasedlargestifferential temperatujesampling. To obtaia real

time thermal profile of the road duritigeconstruction procesanICTS wasused Figure5 shows

an example of the obtained thermal profile for the mixtures delivered by either SPM or MTV and
the density of cores. The largest color variatiouldde from blue (coldest) to pink (hottest) as
shown in the color legend at the top of each page of the scan. The images clearlyesB&Mt

had the largeshermal segregation amdso yielded the largest variance in density as shown in the
bar graph tdhe right of the scan. Both bar graphs show the line of minimum average density of

92.5. For agsingle poind density, generally a density of 90 or above would be considered
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acceptable, conversely theo tests showing 83 and 853% would be considered not acceptable
by all industry standards.

Core Density (%)

(b) SPM In-PlaceCore density

92.7
Acceptable 92.1

_ Density 9 ey 1909 | —
D=925

Core Density (%)

.8l
[* |§

(c) MTV ICTS profile (d) MTV In-Place Core density

Figure5. ICTS profile andsinglecore densityor mixtures delivered by SPM and MTV.
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The ICTS hermal test segments were evaluatedl i 8ebljons. Sections with less than a°E5

differential were rated as good, sections with 25 t&Fadifferential rated moderate and those over

50 rated as being severEhese criteria were based on mant
typically used by DOTsFor the SPM, 2&ections were evaluatererosections rated good?2

were moderate angnwere severel-or the MTV, 35 sections were evaluatet3 sections rated

good, 19 were moderate and threeere severeT@able6). Figure6 providethis graphically, and

illustrates the | argest differences in 6dgoodd

Table6. Thermal profile results summar

Good ) Moderate Severe
P#?If Differential<25°F 25AF<Di f f er ent| Differential>50°F
rofiles
Number % Number % Number %
SPM
22 0 0 12 55 10 45
MTV
35 13 37 19 54 3 1
] OSPM BMTV —
19
. 13 12
bﬁ - 10
Z
3
0
Good Moderate Severe
Condition

Figure6. Comparisorbetween MTV and SPMased on thermal differential rate

Table 7 summarizes the results of each measuring devamssity against the actual roadway
cores along withite thermal measurements for mixtures delivered by SPM and MTV. It should be



noted that the RDMGPR readings were not taken during the MTV section because of some battery

15

issues that occurred for the RBGPR, due to the morningelays from the cold weatheFhe

batteriesran out of power and there were no back up batteries. The results indicate that a sharp

drop in temperature leads to a decrease in deffstyle 7 also shows that the performance of

MTV was much better than the SPM delivery system.

Table7. Core density information measured by different techniquesed@dantemperatures.

Density InfraredContinuous Thermal Scanner
(ICTS)
Core Number| RDM-GPR PQI " Temperature| Temperature Bferential
(Corrected | (Corrected| 6" Core
Density) Density) ( ) ( )
SPM
1 89.5 89.6 85.3 216 38.7
2 89.2 90.2 93.0 250 38.7
3 89.2 90.2 92.5 244 48.8
4 90.1 87.3 83.4 190 66.8
5 89.3 90.1 93.1 269 66.8
Average 89.5 89.5 89.5 -
MTV
6 N.R 92.1 92.1 273 26.5
7 N.R 91.3 90.9 279 26.5
8 N.R 92.6 92.7 270 14.4
9 N.R 91.7 90.9 278 29.5
10 N.R 92.9 93.8 275 34.9
Average - 92.1 92.1 -

Figure 7 plots temperature versus density measured usieg standard/conventionaloring

technique.Figure 7 displays a linear correlation with?Requal to 0.76 between density and

temperaturelt suggests thatinder these paving and temperature conditiongnanummaterial

temperature of 250F (critical minimum)during compaction may promote densities of 90% or

greater.
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100 Density = 0.1061 Temperature + 63.66|
R2=0.76
95 -
S o %
Z 90 hr = v
85 - L-=To0
&
80 1 1 I 1 M I 1 1
180 195 210 225 240 255 270 285
Temperature (°F)

Figure7. Correlation between temperature angliace densityf core samples

3.2 Day 2: Compaction Equipment and Rolling Sequences

Day 2 begarafter tempeatures rose above 32. Five segments were constructed in these very
cold temperatures. Each segmendefined inTable4, sections 3 though7. Same mixture type
SLX was used in all segmentBifferent rollers were used in various combinatiofik) double
drum steelollers,(2) 7 tire pneumatic roller and (3) combination of double drtealsand %ire
pneumatic rollerTheaveragedensitesshown inTable8, indicate that th@neumatic rolles help
increase densityit was observed thahé combinationroller (CR, method 4 and 5 ifable 3)
consistently increased densityring all of spothecks during eaaloller passtheseeadingavere

taken during compactiomhe density results for the sections are ligtetiable8.
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Table8. Core density information measured by different techniqueshencklevant

temperatures.
. InfraredContinuous Thermal Scannel
Density (ICTS)
Core Number| RDM-GPR PQI " Temperature| Temperature ferential
(Corrected | (Corrected 6" Core () ¢ )
Density) Density)
Compaction Method 1 (seeTable3)
11 90.6 924 89.7 269 11.7
12 92.5 93.1 95.3 283 17.6
13 N.R 92.9 93.4 275 18
Average 92.8 92.8 92.8 -
Compaction Method 2 (seeTable3)
14 90.6 92.1 93.8 281 13.3
15 91.1 92.4 92.3 276 13.7
16 91.5 88.7 87.3 274 20.7
Average 91.1 91.1 91.1 -
Compaction Method 3 (seeTable3)
17 93.1 94.1 95.4 287 18
18 93.6 93.6 93.1 283 14.4
19 93.8 92.7 92.1 286 21.4
Average 93.5 93.5 93.5 -
Compaction Method 4 (seeTable3)
20 93.6 94.2 94.3 288 16.9
21 93.1 93.0 93.3 277 16.2
22 94.0 93.3 93.0 302 18.4
Average 93.6 93.5 93.5 -
Compaction Method 5 (seeTable3)
23 94.2 94.7 94.7 280 22.3
24 94.6 93.5 92.7 281 14.9
25 93.7 94.5 95.2 287 18
Average 94.2 94.2 94.2 -

Another area thats worthy of discussion isthermal masswhich is

equivalentto thernal

capacitance or heat capacitige ability of a body to store thermal energy. The importance of

thermal mass in this study would te function of heat loss. éhtloss is defined as the amount

of heat per unit weight that material loses or cd® the focus being othe heat loss during

construction (beforand duringcompaction). The heat loss can significantly affect the deaokity

theasphaltic layerlt means that the higher heasfmmay resulin lower density and vice versa.

For this stug, the heat loscalculation is simplified by assuming all effective parameters do not
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change during construction, except mixture temperatiurgng delivery and compactionn

general Figure8 showsthata decreasi heatlossresultsin an inaease irdensity There were a

few results that varied from théte., core numbed9, 22 23 and 21), but most followed that
assertionThe green dash line in tliegure8 shows the acceptance density basethercurrent
standard 092.5%.Without going into a detailed thermal anasyand assuming all other variables,

(e.g., mix delivery temperature, environmental conditicaig pavement temperature, wind speed,

solar gain and etc.) are held constant, the thermal mass would then be simply based on temperature
and massAs a resultan increase in lift thickne$som 15 to 2nwill essentiallfead to25% more

heat massThis provides a 25% longer compaction time before the material draps d¢dtical

minimum compaction temperatur@®., 250 ) assuggested in theadier discission(seeFigure
7).

Core Density (%)
Heat Loss (kI)

s B o e e e e ML mam s e S . 0
111213141516171819202122232425
Core Number

Figure8. Core densityblue barsyersus heat logsed line)

3.3 Day 3: Modified Mix Design and Binders

Similar to thefirst two daysof paving day 3 began after waiting for temperatures to rise above 32
.In this sectionthé tandar® p a v i n g werepsed Ravel, MTV,sand thresteel double

drum ollers. Three segments weconstructed and the density readioigsach segment are shown

in Table4 (sections 8 through 10).

In the first sectionthe SLX mixture was modified bysing aPG 4040 and 50% RAP
(SLX_M_4040_R50%. These modittationsexhibited a visuahppearancehange to thenix
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thataddeda very glassy black shiny look to the mix.addition, here was a noticeable change to

the fumes from the windrowywhat could be described as a redugedroleumbasedsmell.
However, &er compaction,this sectionappearedvisually similar to thecontrol sections.
Increasing the RAP to 50% the mixtureseemed to haveduced the softer binder effects to the
combined mix Therefore the first sectiomeally dd not experience a signsantimprovement to
compactionThe decision to increase the RAP to 50% was based on preliminary laboratory testing
that yielded similar indirect tensile strength reswitsn compared tthe standard/control mix,

and resulted in very similar field workisity and compactionThe standar&LX mix with 0.5%
increased binder above the design tanget used in the second sectitiiis changelid not provide

significant changes to laydown or compactidhe density results for the sections are listed in

Table9.

Table9. Core density information measured by different techniques.

Density
Core Number RDM-GPR PQI 6" Core
(Corrected Density) (Corrected Density

SLX M 40-40 R50%(seeTablel)
26 91.7 91.1 91.8
27 90.6 92.6 93.9
28 92.0 90.4 88.5
Average 91.4 914 914

SLX S 58\34 0.5(seeTablel)
29 91.3 89.2 86.3
30 90.6 91.2 92.0
31 90.3 91.6 93.7
Average 90.7 90.7 90.7
SLX S(seeTablel)

32 92.0 91.3 91.4
33 90.6 90.8 90.4
34 91.3 91.9 92.1
Average 91.3 91.3 91.3

3.4 Day 4: Modified Mix Design, Modified Gradation, and Binders

Day 4 began with no delay for temperatures. This seetiamused thed tandardpaver, MTV,
andthree steel double drurolfers. Three segments were constructed aamchesegment built as
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definedin Table4 (section 11 through 13The SLX mixture was modified bysing a PG 520

and 50% RAP $LX M 5240 R50%. Smilar to Day 3,the following observations &ve

reported by field engineers, howeythere may have been a slight reduction in density with the

slightly stiffer 5240 and 50% RARs shown in Table 10
QD Avi suebr @appwaug! alglsdw shiny | ook to the mix.
(2)Anoticeabl e change to time dfpleshlsesidsseadal t he w

B)Simil ar appear amnacret rcolapsaeectdi cdomsptalce i o n

In the second section, the coarse crushed rock was reduced by 10% and added 10% fine natural
sand(SLX_M_58V-34 LCR10%) The obtained ifplace density results, shownTable 10, are

in good agreement with field observatomdicating that the laydown and compaction of
SLX_M_58V-34_|L CR10% mixtures were fairly similar tordwol mixture SLX_S).

Table10. Core density information measured by different techniques.

Density
PQI
Core Number RDM-GPR . (Corlgcted 6" Core
(Corrected Density) Density)
SLX M 52-40 R50%(seeTablel)
35 91.7 91.2 90.2
36 91.5 90.9 90.7
37 91.1 92.0 93.4
Average 91.4 914 914
SLX M 58V-34 LCR10% (seeTablel)
38 93.0 93.8 93.3
39 93.5 93.9 93.6
40 94.5 93.5 94.2
Average 93.7 93.7 93.7
SLX_S(seeTablel)
41 93.8 93.4 91.4
42 92.6 95.6 96.9
43 94.2 91.6 92.3
Average 93.5 93.5 93.5
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3.5 Correlations betweenMeasuring Devices

The sequence used in all of the measurement testing i@oas:

I CTmtapped al l of wheht G@Smabdi hagt Rgandgday
2) During c o mpepactt iocddnercki ti es wern erngp dtrhdeosR@ dt h e
ef foefc he acco mmadt thhedtpabl i sh rol |l ing patterns
3) After tciooompawas tchde@dsSeavmd, used to identify
temperature ther malcosréags welgtatii o nhiag, he assn dvhli cv

4) ThemQl wapsoged to verify the densities.

5 After PiQd s deenrse t compGRRIed| ecthrei RDMeadi ng a
| oc anteiroen reocovdedfy thfi mdihemgsreadi ngs

6) The st pdnednasridtw@ tcaokaetrs each | ocati on.

It should be noted, on the first day of the Demo Projetelligent compactioiGPS device/screen

(Figure9) was usean the first twarollers but only usedor demonstration purposes

Figure9. GPSdevice used on Day 1 for demonstration only

The average densities for eadrtionmeasured byifferent techniques arghownin Figure 10.

Theresults indicate that there is linear correlation leefwdensity measured using core samples
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with theother two techiques (i.e., RDMGPR and PQJ|)however, the PQI techniqs@ows better
correlationcompared tahe RDM-GPR based on®Ralue.

Figure10. Comparisa between core density and measured density iigblue
triangular) and RDMGPR(redcircle).

Although the PQI and RDAGPR techniques shaslgoodcorrelation withaveraged densities, an
evaluation of mdividual core densitiesas shown irFigure 11, reveas that further testing and

evaluationwill be required

Figurell Comparison between measured density using Coring, PORRMIGPR.
























